The reported geographical variations in the prevalence of photoparoxysmal response (PPR) among epilepsy patients have been variously attributed to methodological problems such as patient selection, technique of intermittent photic stimulation (IPS) and definition of PPR, and environmental and racial factors. We determined the prevalence rate of PPR among South Indian epilepsy patients and compared it with the rates reported from elsewhere. Twenty of our 575 patients had a PPR, a prevalence ratio of 3.5%. which is in striking contrast to the 0.6% reported for North Indian epilepsy patients. Environmental and racial factors cannot explain the difference in the prevalence rates of PPR between South and North Indian epilepsy patients. We conclude that the demographic characteristics of the patient group, such as age and gender, the epilepsy type, sleep deprivation, technique of IPS and definition of PPR, greatly influence the prevalence rate of PPR.
INTRODUCTION
Although the term photosensitivity has been applied to a variety of atypical electroencephalographic (EEG) responses to intermittent photic stimulation (B'S), the photoparoxysmal response (PPR) is defined as the occurrence of generalized spike, spike-wave or polyspike-wave discharges consistently elicited by IPS'. The PPR has a high correlation with clinical epilepsy*, 3. Although the PPR is often considered to signify primary generalized epilepsy, PPR has also less frequently been associated with localization-related epilepsy4.
A number of investigators have reported that the frequency of PPR among epileptic patients in different geographical regions varies. The studies from the West have revealed a prevalence of PPR of 4-6% among White epileptic patients '*3*5. Obeid et aP noted a prevalence of 7.3% among Arabs with epilepsy in Saudi Arabia. A lower prevalence of PPR of 0.4% to 1.6% among epilepsy patients have been reported among the Black population in various parts of Africa7-9. A recently conducted study among North Indian epileptic patients observed a low prevalence of PPR of 0.6%, similar to African patients".
Some investigators have attributed the geographical differences in the prevalence of PPR to variations in the selection of patients, technique of photic stimulation and definition of PPR5*6. A seasonal influence in the prevalence of PPR related to sunlight has been proposed ' ' . However, variability in the prevalence of PPR among different ethnic groups residing in the same geographical region and studied in the same EEG laboratory favour the influence of genetic rather than technical or environmental factors9.
We studied the epidemiological and clinical characteristics of PPR among consecutive epileptic patients seen in the EEG laboratory of a major tertiary referral centre in South India. The objectives of our study were: (1) to ascertain the prevalence of PPR among South Indian epileptic population; (2) to assess the electrographic and clinical correlates of PPR in our cohort; and (3) to compare and contrast our results with that of similar studies from elsewhere and thereby examine the factors responsible for the reported variability in the frequency of PPR. I2 This computerized database is available for easy retrieval. Our EEG protocol for patients with a referral diagnosis of epilepsy insists upon a partial sleep deprivation on the night before the EEG study and recording for at least 20 minutes, both whilst awake and asleep.
MATERIALS AND METHODS

Areas of investigation and medical organization
Patient population and data collection
For this cross-sectional study, we considered 1022 individuals who underwent EEG recording between 1 November 1994 and 3 1 July 1995. Of them, 575 subjects were found to have an antecedent history of two or more unprovoked epileptic seizures. Utilizing a prestructured computerized proforma, we gathered the following information from these 575 epilepsy patients: demographic data, age at onset of epilepsy, history of photosensitivity, family history of epilepsy and photosensitivity, risk factors for epilepsy, objective neurological findings, EEG and neuroradiological findings and seizure types. We defined epileptic syndromes according to the revised Lntemational League Against Epilepsy (ILAE) (1989) classification based on presumed localization (partial, generalized and undetermined) and aetiology (idiopathic, cryptogenie and symptomatic)'3.
EEG study
All EEG recordings were performed with an 18-channel analogue EEG machine (Synafit EE 1118, NEC San-ei Instruments Ltd., Japan) and electrode placement according to the 10-20 system. Hyperventilation and IPS was carried out in all 575 epilepsy patients. Sleep recording was obtained in 443 (77%) patients.
The IPS was performed using a photic stimulator with stroboscopic light source placed at about 30 cm from the nasion. The room was kept dark during IPS.
The sequence of IPS frequencies tested were 1,6, 10, 12, 14, 16, 18,20, 22 and 24 Hz in an ascending and descending manner with eyes open and closed for all the frequencies. IPS was also performed with a linear pattern placed in front of the patient when eyes were open and photic stimulator angled to the pattern. Each patient was tested with IPS with and without interposing the linear pattern.
Patients with photosensitivity were tested for pattern sensitivity (without LPS) by moving in front of their eyes eight different standard patterns comprising closely spaced black lines or dots arranged geometrically on a white background'.
Definition of PPR and spontaneous epileptiform abnormalities (SEAS)
We defined PPR as a generalized spike, spike-wave or polyspike-wave paroxysm occurring at least twice during the same frequency of IPS, irrespective of duration of the paroxysm or whether it outlasted the IFS or not'.'. Isolated occipital spikes and generalized or focal bursts of slowing without spikes were excluded. To reduce the risk of seizures, IPS was discontinued if a PPR was observed. The SEAS in the form of spike and spike-waves were defined as generalized and focal according to their distribution4.
RESULTS
Epilepsy patients cohort
Demographic characteristics
The 575 patients with epilepsy comprised 56.3% of all referrals for EEG between 1 November 1994 and 31 July 1995. There were 321 men and 254 women, with a male to female ratio of 1.3:1. The mean age was 20.9% 12.4 years (range: 0.5-66) and 214 patients (37.2%) were below the age of 15 years.
Epilepsy syndromic classification
The distribution of patients according to ILAE (1989) syndromic classification are shown in Table 1 . Idiopathic generalized epilepsy was diagnosed in 223 (38.8%) patients, while 227 (39.5%) had cryptogenic or symptomatic partial epilepsies. Forty-five of 225 patients (20%) with idiopathic generalized epilepsy had juvenile myoclonic epilepsy.
Patients with PPR Clinical characteristics
A total of 20 patients of 575 had PPR (3.5%), comprising 16 women and four men, the male:female ratio being 1:4. The mean age being 20.4 f 10.6 years (range: 4.5-50). The mean age of onset of epilepsy was 13.6 f 10.0 years (range: l-44). The types of epilepsy among the 20 patients with PPR are shown in Table 2 . A positive family history of photosensitivity was present in four patients (20%); in whom the seizures were precipitated by viewing television or waving their hands at sunlight.
EEG data PPR. All except one patient showed PPR at several IPS frequencies; one had PPR only at 10 Hz. The frequency that most commonly elicited the PPR was 18 Hz. The PPR outlasted the IPS by more than 100 mseconds in 12 patients (60%). Photoconvulsive response in the form of jerks involving the limbs or whole body, or eyelid twitching, occurred in nine patients (45%). One of them had a generalized tonic-clonic seizure following IPS at 18 Hz. None showed pattern sensitivity (without IPS). Table 2 shows the prevalence of PPR by epilepsy type. SEAS. In 16 of the 20 patients (80%) with PPR, SEAS were detected. The SEAS were generalized in 15 patients; ail of whom had a history of generalized seizures. One patient with complex partial seizures had a left temporal spike focus.
DISCUSSION
The frequency of PPR in our 575 epilepsy patients from South India was 3.5%, which is in striking contrast to the very low frequency of 0.6% reported for North In- dian epilepsy patientslO. Our observed prevalence of PPR is comparable to that of Whites living in Western countries'-3* 5. The terminology 'incidence' used in several recently reported studies9~ lo to describe the frequency of PPR is confusing. An incidence rate is the number of new occurrences of an event appearing in a unit of time within a specified population14, 15. To describe the frequency of the detection of a pre-existing event (PPR) among a selected cohort of (epilepsy) subjects, the term prevalence ratio or rate is epidemiologically more appropriate15*16. Hence, we have used prevalence to describe the frequency of PPR and recommend this term for future studies.
The reported variations in the prevalence of PPR among epilepsy patients from different geographical regions (Table 3 ) may be apparent (due to patient selection, technique of IPS or definition of PPR) or real (due to genetic or environmental influences).
As photosensitivity is dependent upon several factors such as physical characteristics of the stimulus, flash frequency and central fixation on the stimulus, attention to correct technique is crucial to demonstrate PPR reliably'".
As observed in our study, the majority of subjects are most sensitive to flash frequencies of 15-18 Hz',*. The frequency of the IPS presented varies greatly between laboratories, although a flash frequency of between 1 and 30 Hz is recommended'. Our failure to test IPS above 24 Hz could have missed a few photosensitive patients. Interposing linear patterns during IPS, as tested in our patients and in those Obeid et a16, improves the yield of PPR7. Some investigators have defined PPR as a wide range of activity induced by IPS18, while others have restricted the term, as in our study, to generalized spikes and spike-wave activity5. The high prevalence rate of PPR (9.9%) observed in the study of Wolf and Goosses" may be due to the inclusion of generalized slow activity and posterior spikes as a PPR. Some workers have considered PPR significant only if it outlasted IPS by at least 100 mseconds'. lo.
The protocol for EEG examination varies greatly between laboratories. Sleep deprivation prior to recording increases the paroxysmal EEG patterns including PPR' . Our patients were sleep-deprived and this factor may account in part for the difference in the frequency of PPR between our study and the North Indian study". It has been shown that a patterned field of vision (patterned IPS)*', and red colour (red B'S)", facilitates the induction of PPR. Several other factors known to influence the response to IPS' such as antiepileptic drug treatment, state of alertness of the patient, the position of eyelids and movement of the eyes during the procedure are difficult to standardize.
Insufficient attention has been paid to the influence of variations in the demographic characteristics on the different PPR prevalences among different cohorts of epilepsy patients. Photosensitivity appears at the age of 12-14 years and two-thirds of patients are female'**. Among 3 161 epilepsy patients, Danesi** observed that 4.7% of males, 7.4% of females, 5% of adults and 19.1% of children had PPR. Although their age distribution was similar, unlike our cohort, among the North Indian cohort of 1000 patients", 638 were men and 362 were women. The low prevalence of PPR among the North Indian group may be partly related to the smaller number of female patientslo. PPR disappears between the ages of 20 and 30 years in a proportion of patients. In a longitudinal study of 100 patients with photosensitivity with a mean age at follow-up of 27 years and a mean duration of follow-up of 14 years, Harding et al I8 observed that photosensitivity disappeared in at least one-third of the patients. It is rare to find photosensitivity in subjects aged less than 5 years or older than 50 years.
Certain types of epilepsies are preferentially associated with photosensitivity, hence the distribution of the epilepsy types in the cohort affect the prevalence of PPR. In a recent study on the frequency of PPR in 1062 epilepsy patients 19, 90% of PPR were seen in patients with generalized epilepsies, 3 1% in juvenile myoclonic epilepsy, 18% in childhood absence epilepsy and 8% in juvenile absence epilepsy. PPR has a particularly high rate of occurrence in many forms of progressive myoclonus epilepsies23. Among our patients, 66.7% of progressive myoclonus epilepsy, 22.2% of juvenile myoclonic epilepsy, and 3.1% of idiopathic generalized epilepsies demonstrated photosensitivity. All except one of our patients with PPR had generalized epilepsies.
SEAS are reported to occur in over two-thirds of patients with PPR. Gilliam and Chiappa' examined seizure types and generalized vs. focal SEAS in 115 consecutive patients with PPR. They concluded that the type of SEAS strongly influenced the seizure type: focal SEAS were predictive of partial seizures, and generalized SEAS of generalized seizures. Our observations among a smaller number of patients are identical.
The low prevalence of PPR among epilepsy patients in tropical countries is postulated to be partly due to the large amount of sunshine in these regions, which is speculated to have a protective influence on IPS' ' . Southern India has an abundance of year-round sunshine. Thus our observation, like those from studies from Saudi Arabia6 and South Africa', fails to confirm the hypothesis that environmental sunlight influences the prevalence of PPR.
Photosensitivity is familial in many human subjectsZ4* 25. Nearly 40% of siblings of epilepsy patients with PPR exhibit photosensitivityZ4. Photosensitivity is probably determined by multifactorial inheritance2. In our study, 20% of patients had a family history of photosensitivity, however, we did not examine the siblings of our photosensitive patients using IPS.
De Graaf et aP studied the prevalence of PPR among 128 patients with epilepsy who belonged to the three different ethnic groups of South Africa: White, Black and mixed race. They observed a significantly higher occurrence of PPR in Whites (2.7%) than in Blacks (0.1%) and subjects of mixed race (0.9%). The North and South Indians are not racially or ethnically different. Although racial and ethnic factors are often used (misused) to explain geographic variations in diseases, racial and ethnic boundaries are dynamic and imprecise26. Moreover, most genetic variation occurs between individual persons. It is estimated that 85% of all possible human genetic variation occurs between two persons from the same ethnic group, 8% occurs between tribes or nations, and 7% occurs between the major races27. Only a minuscule percentage of the total genetic variation between humans can be ascribed to racial differences**.
Our study shows that the prevalence rates of photosensitivity reported in different studies are influenced by the patient cohort characteristics such as distribution of age, gender and epilepsy types, sleep deprivation prior to EEG recording, the technique of IPS and the definition of PPR. These observations prompted us to describe the 'Materials and Methods' section of this article in detail. Better designed studies on the prevalence of PPR, taking into consideration these methodological issues, among different cohorts of epilepsy patients in the same country, may help to clarify the factors responsible for the observed variations in the prevalence of photosensitivity.
